). To assess the reliability atomic absorption (AA) was also used to determine the same samples. Satisfactory results were obtained for real samples of jasmine tea drink and coconut milk. Warsaw and Springer-Verlag Berlin Heidelberg. 
Introduction
The quality of a beverage depends on the identity and concentrations of inorganic ion present. Thus, their determination is quite important [1] [2] [3] . Methods used to analyze foodstuffs must be reliable, rapid, and convenient. Moreover, the apparatus must be as simple in operation and low in cost as possible. Capillary electrophoresis (CE) can meet these requirements.
Capillary electrophoresis is one of the most powerful techniques used to simultaneously separate and determine inorganic ions. It yields highly efficient separation, good repeatability, simple operation, and rapid detection, along with very low consumption of electrolyte and sample [6] [7] [8] [9] [10] . It has been successfully used to separate 14 cations in beverages [4] . Fritz et al. [5] reported using a complexing electrolyte to separate 27 cations. Thus, CE has made great advances [11] [12] [13] [14] . However, the determination of inorganic ions in beverages is still a challenge due to the large variability in both their identities and concentrations. Seasonal changes and storage also affect beverage quality. Thus, further method development is important.
Changing the carrier electrolyte can improve ion mobility, resolution, and the resulting separation. In the present paper, we describe a new electrolyte system containing D 2 O, imidazole, malic acid, and 18-crown-6 ether. A reliable method for baseline separation and quantitation of 9 cations is proposed. 
Reagents and solutions
All reagents were of analytical grade and used as received (Tianjin Chemical Reagent Factory, China). Imidazole and 18-crown-6 ether were obtained from Sigma (Sigma Chemical Co., USA). Malic acid was obtained from British Drug House, Ltd. All solutions and electrolytes were prepared in water from a Milli-Q purification system (Millipore, Germany). Stock standard solutions of various cations (1.0 g L -1 ) were obtained by dissolving their inorganic salts, then refrigerated until use. Carrier electrolytes were prepared fresh daily.
Procedures
Each day before starting the capillary was rinsed with 0.1 M NaOH and Milli-Q water for 5 min, followed by carrier electrolyte for 10 min. The capillary was rinsed with Milli-Q water for 2 min between runs and then with the carrier electrolyte for 3 min to improve electroosmotic flow and migration time reproducibility. Before analysis electrolytes and samples were filtered through a 0.45 µm membrane filter and ultrasonically degassed.
Samples
Jasmine tea drink and coconut milk were purchased from the local supermarket (Lanzhou, China). One milliliter of sample was dissolved in Milli-Q water and filtered through a 0.45 µm membrane before being made up to 50 ml. Each was run three times.
Results and Discussion
Most inorganic anions and cations have no strong absorption in the UV-visible region. To improve sensitivity, an unsaturated amine compound can serve as a background electrolyte (BGE) to determine the cations indirectly. For example, imidazole [15] has often been used as BGE in indirect detection due to its strong absorption at 214 nm. Moreover, its electrophoretic mobility is close to those of metal cations so that it can be considered part of the running buffer. The effect of 6 -16 mM imidazole on the separation efficiency is shown in Fig. 1 , indicating that increasing concentration prolongs migration. For separations, 12 mM imidazole was used.
The role of D 2 O
A variety of electrolyte components can change the electroosmotic flow in CE to improve selectivity; for example, methanol is one of the most used components [16] . Okafo et al. [17] found that replacing H 2 O with D 2 O yields more information from tryptic digests, due to the different viscosity (ca. 1.23 times that of H 2 O) and degree of ionization. The increased viscosity decreases the electroosmotic flow and improves the cation separation. As shown in Fig. 2 (Fig. 3) .
Commonly, inorganic cations are separated in acidic media because heavy metals precipitate in base. Moreover, the electroosmotic flow can be also affected by the running buffer pH. The pH was adjusted with 1.0 M acetic acid. Fig. 4 shows complete separation of 9 cations at pH = 4.25.
Comparison of organic acids
Cations which have the same charge and similar radius are difficult to separate directly with CE. Lactic acid and citric acid have been commonly used as complexing reagents to change the species in solution, increasing the differences among the cations [11, 18] . Since the structure of malic acid is similar, differing in the number of carboxylate groups (Fig. 5) , we examined the effects of malic acid.
Because complexation with these acids differs, the separations will also differ (Fig. 6 ). Under the same conditions, lactic acid complexes are too weak to achieve baseline separation; citric acid complexes too strongly with Mn 2+ and Co 2+ ions. Malic acid works best. However, increasing malic acid concentration broadens the peaks due to increased complex stability. The optimum concentration was 5 mM.
Effect of concentrations of 18-crown-6 ether
18-crown-6 ether is a complexing agent with excellent selectivity. It has been widely used in the separation of NH 4 + and K + [19, 20] . Fig. 7 shows that concentrations greater than 1 mM yield baseline separation. Fig.1 Separation and determination of inorganic cations in beverages by capillary electrophoresis with indirect UV detection
Detection limits and correlation coefficient
The calibration parameters, linear ranges, detection limits and correlation coefficients are listed in Table 1 . Each point was determined in triplicate. The detection limits are at a 3:1 signal-to-noise ratio. The correlation coefficients ranged from 0.9979 to 0.9992.
Precision
The repeatability of the proposed method was evaluated by 8 determinations of a 9 -ion standard solution containing 5 mg L -1 of each (Table 2) . Satisfactory results with migration time RSD ≤ 0.50% and peak area RSD ≤ 5.2% were obtained.
Determination of real samples
The determination of beverage cations is one of the most important for their routine quality control [4, 21, 22] . Real samples of jasmine tea and coconut milk were examined by the proposed method (Figs. 8A, 8B and Table 3 ). As can be seen, the data obtained by CE are in good agreement with those from atomic absorption (except NH 4 + which cannot to be determined by AA). Fig.1 ; the dilution factor was 1:50 (v/v 
Conclusions
Although capillary electrophoresis has been widely used to determine organic compounds, its application to inorganic ions is also quite successful. We describe a rapid, reliable capillary electrophoresis method for the separation and determination of 9 cations using a new electrolyte containing D 2 O, imidazole, malic acid, and 18-crown-6 ether. Determination of real samples indicates that it is satisfactory for routine inorganic cation analysis in beverages. Table 2 . Relative standard deviation (RSD %) for migration time and peak area (n=8).
